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1.  Introduction 


Many  large-caliber  ammunition  cartridges  contain  a  primer  that  extends  a  substantial  distance 
into  the  propellant  bed.  The  primer  should  be  designed  so  that  the  round  can  be  fired  safely  and 
in  such  a  manner  as  to  fulfill  mission  requirements.  Many  factors  can  lead  to  undesirable,  and 
potentially  destructive,  pressure-wave  generation  during  the  ballistic  cycle  (7).  Proper  design  of 
the  primer,  within  spatial  constraints  of  the  round,  can  reduce  and/or  eliminate  these  factors. 

Since  the  primer  interacts  intimately  with  the  propellant  bed,  much  of  the  primer-development 
work  to  date  has  used  heuristics  and  trial-and-error  testing  with  gun  simulators  or  actual  gun 
firings  (2-5).  Some  work  has  been  due  to  the  results  of  accidents  or  manufacturing  defect 
detection  (2-5). 

Continual  improvement  is  the  name  of  the  game  in  outpacing  the  projected  enemy.  The  aim  of 
this  study  is  to  characterize  two  primers  that  work  well  in  current  ammunition.  With  this 
characterization,  optimization  of  primer  qualities  for  newer,  improved,  and  harder  to  ignite 
rounds  can  progress.  It  is  also  possible  for  safer,  less  corrosive,  and  more  potent  materials  to  be 
used  in  the  primer — if  only  we  knew  what  the  primer  currently  provides  as  a  comparison. 

Pressure  characterization  of  the  interior  of  a  long  metal  tube  primer  and  characterization  of  the 
temperature  of  its  venting  gases  do  not  seem  to  be  areas  of  interest  that  have  had  much  attention 
(6-8).  With  the  ever-enduring  search  to  improve  weaponry,  even  the  ignition  system  can  be 
improved  to  fit  mission  requirements.  Two  primers  that  were  chosen  for  this  study  were  the 
M125  and  M129  primers  (see  figure  1).  These  primers  have  been  used  in  many  systems 
(especially  105-  and  120-mm  tank  rounds),  have  been  generally  accepted,  and  are  viable 
candidates  for  improvement  if  enhancements  are  desired.  Some  enhancement  items  may  be 
improved  performance,  reduction  of  erosion  producing  components,  use  of  “greener”  materials, 
replacement  of  benite  as  the  main  energetic  material  contained  in  the  tube,  etc.  It  is  with  these 
goals  in  mind  that  we  performed  the  characterizations  in  this  study. 


2.  Experimental 


The  primers  were  initiated  by  a  24-V  power  supply  with  both  the  voltage  and  current  utilized  by 
the  primer  monitored  on  a  Nicolet  Integra  20  digital  storage  oscilloscope  (current  measured 
through  use  of  a  Pierson  coil).  Compression  clamps  were  fashioned  to  fit  over  two  of  each 
primer’s  vent  holes  (one  near  the  base  and  one  near  the  tip).  The  clamps  were  fashioned  to  seal  a 
Kistler  21 1B1  pressure  transducer  against  the  primer  body  and  to  allow  any  other  vent  hole  that 
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Figure  1.  Photographs  of  (a)  M129  (taper  tip)  and  (b)  M125  (black  rubber  coated) 
primers. 


would  normally  be  covered  by  the  clamp  to  freely  vent.  Fine- wire  S-type  thermocouples  were 
placed  in  the  vicinity  of  an  additional  vent  hole  for  temperature  measurements  of  the  venting 
gases.  High-speed  video  of  both  end  and  axial  views  were  obtained  with  a  Phantom  V  digital 
camera. 
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3.  Results  and  Discussion 


Since  the  measurement  of  an  object  can  change  its  properties,  pains  were  taken  to  reduce  the 
impact  of  the  act  of  measuring  the  temperatures  and  pressures  of  the  gases  that  these  primers 
produced.  For  example,  the  clamps  for  holding  the  pressure  transducers  in  place  were  designed 
to  only  cover  and  seal  one  vent  hole  (see  figures  2  and  3).  The  other  venting  holes  in  the  clamp 
were  designed  so  as  to  minimize  pressure  perturbations  in  the  venting  jet.  With  pressure 
measurement  desired  at  the  base  of  the  primer  and  at  the  tip,  this  measurement  necessitated  two 
vent  holes  to  be  covered  (for  the  Ml 25  primer,  this  number  was  2  out  of  24,  and  for  the  Ml 29, 

2  out  of  18).  Other  studies  may  have  had  designs  for  the  clamps  that  possibly  covered  other  vent 
holes  (or  impaired  the  venting)  at  the  same  axial  position  (8-10).  It  should  be  remembered  that 
properties  of  a  gas  or  a  particle-laden  gas  through  a  vent  can  be  strongly  influenced  by  the 
backing  pressure  into  which  it  is  vented.  Such  properties  include  velocity,  expansion  radius, 
residual  pressure,  and  temperature.  Therefore,  the  vent  in  the  clamp  must  take  such  variables 
into  account  in  its  design. 


Figure  2.  Photograph  of  M125  primer  with  pressure  clamps  (note  vent  hole  on  bottom  of  left  clamp)  and 
thermocouple  in  place. 

A  couple  of  placement  methods  for  the  thermocouple  were  tried  (see  figures  4  and  5).  Previous 
work  with  planar  ignition  waves  in  solid  propellant  beds  used  a  holder  (figure  4)  that  contained 
the  thermocouple  for  protection  and  to  maintain  laminar  flow  past  the  thermocouple  (11).  This 
holder  was  placed  next  to  the  primer  tube  over  the  top  of  an  opened  vent  hole  (with  paper  liner 
punctured  to  allow  early  gases  to  be  detected)  at  a  distance  of  ~6  or  14  mm  from  the  primer.  The 
larger  distance  was  chosen  in  an  attempt  to  protect  the  thermocouple  (early  tests  at  6  mm  resulted 
in  severed  thermocouple  wires),  but  it  worked  about  as  well  as  the  6-mm  distance  in  this  holder. 

It  was  later  found  upon  examining  the  high-speed  video  that  large  chunks  of  material  were 
ejected  from  the  vent  hole  and  so  a  fine -wire  thermocouple  stretched  across  the  vent  hole  would 
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Figure  3.  Photograph  of  Ml  29  primer  held  in  fixture  with  pressure  clamps  in  place  (note 
one  of  two  vents  on  bottom  of  each  clamp). 
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Figure  4.  Photograph  of  a  3-mil  thermocouple  inside  a  planar  wave  thermocouple  holder 
near  vent  hole  of  an  Ml 25  primer. 
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Figure  5.  Photograph  of  a  2-mil  thermocouple  in  a  ceramic  tube  support  taped  next  to  a 
vent  hole  on  an  Ml 25  primer. 

not  likely  survive.  The  thermocouple  wire  diameters  used  included  1  mil  (25  pm),  2  mil 
(51  pm),  and  3  mil  (76  pm).  The  lag  times  for  thermocouples  were  estimated  from  previous 
work  to  be  less  than  0.3,  1,  and  2  ms,  respectively  (11).  Since  the  thermocouples  did  not  survive 
well,  a  second  placement  method  was  developed. 

In  the  second  method,  the  two  wires  of  the  thermocouple  were  threaded  through  a  small  section 
of  a  two-holed  ceramic  tube  leaving  the  thermocouple  junction  a  small  distance  from  the  tube 
end.  The  tube  was  taped  securely  to  the  primer  tube  with  the  thermocouple  junction  (which  was 
slightly  separated  from  the  end  of  the  ceramic  tube)  slightly  protruding  into  the  region  of  the  vent 
hole  where  the  venting  jet  would  be  located  (figure  5).  The  ceramic  tube  was  held  in  place  by 
several  laps  of  a  fiber-reinforced  tape  with  sufficient  strength  to  hold  the  ceramic  tube  securely 
in  position  during  the  entire  venting  process. 

As  can  be  seen  in  figures  6  and  7,  it  is  possible  that  the  junction  of  even  the  1-mil  and  the  2-mil 
thermocouple  wires  can  survive  the  venting  event  when  mounted  with  the  two-holed  ceramic 
tube.  The  voltages  from  the  thermocouple  were  processed  through  a  miniature  ice  point  and 
recorded  on  the  digital  oscilloscope.  Correction  was  made  for  radiation  cooling  (11-13)  and 
results  for  the  Ml 29  primers  are  plotted  in  figure  8.  The  similar  temperature  results  for  the 
M125  primer  are  plotted  in  figure  9. 
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Figure  6.  Photograph  of  1-mil  thermocouple  junction 

mounted  with  ceramic  tube  after  venting  event. 


Figure  7.  Photograph  of  2-mil  thermocouple  junction 

mounted  with  ceramic  tube  after  venting  event. 
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Figure  8.  Temperature-time  histories  recorded  for  Ml 29  primer. 
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Figure  9.  Temperature-time  histories  recorded  for  M125  primer. 
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As  shown  in  figure  8,  the  similarity  from  shot-to-shot  with  regards  to  temperature  was  not  too 
good  (it  will  be  shown  later  in  the  high-speed  video  that  the  opening  and  venting  of  the  pattern  of 
vent  holes  was  not  as  uniform  as  desired).  However,  there  were  some  similarities  from  shot  to 
shot.  The  temperatures  increased  after  the  pressure  began  building  in  the  primer  and  the 
temperatures  decreased  at  lower  pressures.  The  rapid  fluctuations  at  the  beginning  of  the 
temperature  increase  appeared  to  be  real  and  to  correlate  somewhat  with  the  timing  of  shock 
structures  (regions  of  intense  light  emissions)  in  the  expanding  jet  that  was  evidenced  in  the 
high-speed  video. 

These  same  fluctuations  also  were  noted  for  the  M125  primer  (see  figure  9).  However,  the  hole 
size  in  the  Ml 25  (nominal  4  mm  in  diameter)  was  bigger  than  the  hole  size  in  the  Ml 29 
(nominal  3  mm  in  diameter).  Therefore,  the  supersonic  flow  from  the  Ml 25  vent  hole  would 
exhibit  a  lower  Mach  number  and  a  potentially  shorter  and  weaker  shock  structure  than  for  the 
M129  (this  trend  was  evidenced  in  the  high-speed  video). 

The  rubber  coated  Ml 25  gave  no  pressure  sealing  problems  when  the  clamps  were  tightened 
properly.  Originally,  a  sheet  of  rubber  was  used  as  a  gasket  on  the  Ml  29  primer,  but  leakage 
would  often  occur  (the  pressure  in  the  primer  was  great  enough  to  extrude  the  rubber  sheet  if  it 
was  not  properly  engaged).  However,  when  the  gasket  material  was  changed  to  the  fiber  type 
used  in  internal  combustion  engines,  the  leakage  stopped.  The  change  of  gasket  material  also 
had  other  fortuitous  advantages. 

Early  pressure  measurements  of  the  Ml 29  primer  with  only  a  rubber  gasket  around  the  sealed 
vent  hole  resembled  the  typical  pressure-time  history  as  shown  in  figure  10.  The  early  pressure 
peak  was  assumed  to  be  from  the  headstock  initiating  since  it  occurred  at  the  appropriate  time 
and  the  strength  of  the  headstock  initiation  was  previously  unknown.  However,  in  later 
measurements  (in  this  study)  the  dynamic  electrical  parameters  of  the  bridgewire  in  the 
headstock  also  were  measured  (figure  11).  Upon  comparison  of  the  firing  current  and  the  early 
pressure  peak,  the  two  traces  were  very  similar  in  shape  and  timing.  It  was  therefore  assumed 
that  a  voltage  leakage  or  ground  loop  problem  existed  between  the  bridgewire  (firing  supply) 
power  supply  and  the  pressure  gauge  (with  associated  electronics).  The  fiber-type  gasket 
material  was  then  placed  completely  around  the  entire  circumference  of  the  Ml 29  primer  tube 
(with  proper  placement  for  the  two  remaining  vent  holes  at  that  particular  axial  position).  Once 
the  fiber  was  in  place,  electrical  contact  between  the  primer  tube  and  the  clamp  holding  the 
pressure  gauge  was  broken.  At  this  point,  the  alleged  pressure  peak  disappeared. 
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Figure  10.  Early  pressure-time  history  obtained  for  the  Ml 29  primer. 


Figure  1 1 .  Comparison  of  firing  current  trace  and  early  peak  in  pressure-time  history  of 
an  Ml 29  primer  from  figure  10. 
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Figures  12  and  13  show  the  average  pressure-time  histories  (averaged  over  three  primer  tests)  for 
each  primer  (the  M129  and  M125,  respectively).  The  first  difference  noted  was  the  lack  of 
pressure  oscillations  in  the  histories  for  the  Ml 29  and  their  presence  for  the  Ml 25.  The  Ml 25  is 
considerably  longer  than  the  Ml 29  and  pressure  differences  (active  pressure  waves)  between  the 
base  and  the  tip  could  be  more  easily  created  (1 ). 

The  maximum  pressure  of  the  M129  primer  occurred  slightly  earlier  than  that  of  the  M125 
(4.35  vs.  4.5  ms)  and  the  base  and  tip  pressures  more  closely  tracked  one  another.  The 
maximum  pressure  produced  in  the  M129  was  24.3  MPa  and  was  25.2  MPa  in  the  M125.  It  was 
originally  assumed  that  since  the  Ml 29  had  fewer  holes  than  the  Ml 25,  and  that  since  the  holes 
had  a  smaller  diameter,  that  the  pressure  would  be  higher.  It  would  appear  that  the  complicated 
arrangement  of  a  higher  loading  density  in  the  Ml 29  as  related  to  that  of  the  Ml 25  (1.6  vs. 

1.3  g/cm)  and  increased  number  of  holes  per  unit  length  (1.5  vs.  0.9  holes  per  cm)  allowed  the 
pressures  to  vent  as  they  did.  The  high-pressure  venting  of  the  Ml  29  was  slower  than  that  of  the 
M125.  The  high-pressure  full-width-half-maximum  of  the  of  the  pressure-time  histories  was  3.4 
vs.  2.5  ms.  It  has  been  noted  in  plasma-ignited  gun  simulators  (14)  that  a  longer  venting  time  for 
the  primer  gases  could  lead  to  increased  ignitability  (propellant  bed  dependant).  This  effect 
could  be  useful  for  harder-to-ignite  ammunition. 


0  5  10  15  20  25  30  35  40  45  50 

Time  (ms) 


Figure  12.  Average  pressure-time  history  produced  in  the  M129  primer  (three  tests). 
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Figure  13.  Average  pressure-time  history  produced  in  the  M125  primer  (three  tests). 


The  use  of  the  ceramic  support  allowed  the  use  of  1-  and  2-mil  thermocouples  that  would  usually 
survive  the  entire  venting.  As  shown  in  figures  14  and  15,  the  smaller  thermocouples  follow  the 
pressurization/depressurization  more  closely  than  the  larger  thermocouple  and  show  that  the 
fluctuations  in  the  early  venting  were  very  narrow  in  time  and  approach  the  temperatures  that 
could  be  expected  in  the  supersonic  expansion  shock  structure  (15).  Equilibrium  (longer 
duration)  measurements  were  somewhat  lower  than  the  theoretical  benite  flame  temperature 
(2518  C,  obtained  from  an  adiabatic  flame  temperature  calculation).  These  lowered  temperatures 
were  also  reflective  of  various  heat  loss  mechanisms  as  the  gases  vented  (such  as  heat  loss  to  the 
metal  primer  tube,  radiative  heat  losses,  and  temperature  drop  due  to  high-pressure/high-velocity 
expansion  of  venting  gases).  Initial  delay  in  the  temperature  rise  from  the  onset  of  pressurization 
should  also  have  included  the  delay  that  escaping  ambient  temperature  gases  from  the  primer 
tube  in  advance  of  the  flame-heated  gases  would  have  created. 

Temperature  measurements  by  spectral  means  could  potentially  give  better  estimates  of  the  gas 
temperatures  central  to  the  venting  jet  depending  upon  the  usual  items  to  be  taken  in  account  for 
spectral  measurements  of  dirty  environments.  Such  items  such  as  spectral  density,  whether  the 
venting  stream  is  optically  thin  or  thick,  the  particle  density  in  the  venting  gas  stream,  other 
optical  properties  such  as  emissivity  coefficients,  etc.  all  affect  the  data  reduction  and  reliability 
of  spectral  measurements. 
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Figure  14.  Pressure-time  histories  produced  by  the  Ml 25  primer  in  figure  13 
compared  to  temperature-time  histories  in  figure  9. 


Time  (ms) 


Figure  15.  Close-up  of  pressure-time  history  and  temperature-time  history  produced 
by  the  Ml 25  primer  in  figure  14  showing  delays  in  temperature  rise 
relative  to  onset  of  pressurization. 
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It  was  noted  that  a  much  longer  low-pressure  venting  occurred  after  the  high-pressure  venting  in 
both  primers.  It  was  assumed  that  this  effect  was,  in  part,  due  to  firing  the  primer  in  open  air  and 
not  within  a  ballistic  simulator  where  the  venting  gases  would  be  trapped  and  the  pressure 
surrounding  the  primer  would  increase,  especially  when  the  propellant  bed  ignited.  It  was  noted 
in  the  high-speed  video  that  during  this  low-pressure  venting  that  the  light  emissions  from  the 
venting  gases  diminished.  The  diminished  light  emissions  generally  correlated  with  decreased 
temperature  of  the  venting  gases  as  reported  by  the  thermocouple.  Another  important  item 
noticeable  during  this  time  was,  due  to  the  diminished  light  emissions,  the  view  of  many  glowing 
(possibly  burning)  particles  (for  example,  the  Ml 25  primer  in  figure  16).  Most  likely,  these 
particles  were  present  during  much  of  the  venting  period  but  visual  reporting  of  their  glow  was 
not  possible  due  to  the  large  visible  emissions  from  the  hot  gases  that  would  mask  their  presence. 


Figure  16.  Photograph  of  end  view  of  Ml  25  firing  during  low-pressure 
venting  showing  glowing  particles. 


High-speed  video  was  taken  of  each  primer  looking  along  the  long  axis  and  also  looking  down 
that  axis  from  the  tip  end.  Figures  17  and  18  show  still  photographs  prior  to  firing  of  the  Ml  29 
and  Ml 25,  respectively.  The  axial  view  of  the  Ml 29  firing  in  figure  19  shows  that  not  all  of  the 
vent  holes  operated  at  the  same  time.  The  first  light  showed  greatest  intensity  near  the 
bridgewire  and  then  was  somewhat  evenly  distributed  over  the  rest  of  the  primer.  The  hole-to- 
hole  venting  pattern  then  quickly  changed.  Venting  started  near  the  bridgewire  and  at  the  end  of 
the  primer  with  little  in  between.  The  tip  vents,  in  particular,  showed  high  pressure  venting  with 
detached  shocks  at  a  distance  from  the  vent  hole.  After  ~2  ms,  the  hole-to-hole  venting  pattern 
became  more  erratic  with  different  vent  holes  showing  varying  amounts  of  light  and  jet  structure. 
At  long  time  (after  ~9  ms),  and  at  much  lower  pressure  than  maximum  (~l/5th  of  maximum),  the 
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Figure  17.  Photographs  of  Ml 29  primer  in  firing  fixture  from  tip  end  (left)  and  axial 
(right)  views. 


Figure  18.  Photographs  of  M125  primer  in  firing  fixture  from  tip  end  (left)  and  axial 
(right)  views. 


hole-to-hole  venting  pattern  once  again  became  mostly  even.  The  end  view  (figure  20)  also 
showed  the  shock  structure  from  the  tip  vents  (until  the  jets  from  the  other  vent  holes  had 
expanded  past  the  radius  of  the  pressure  clamp  as  shown  in  figure  17,  they  were  not  visible). 
The  end  view  showed  that  the  venting  pattern  was  erratic  during  the  entire  venting  process  with 
the  most  active  vents  changing  from  frame  to  frame.  Even  at  low  pressure,  the  erratic  hole-to- 
hole  venting  (not  so  obvious  in  the  final  frames  of  the  axial  view  in  figure  19)  continued. 
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Figure  19.  High-speed  frames  (from  top  to  bottom)  of  axial  view  of  M129  primer;  frame  time  was  263  |is. 

The  view  of  the  tip  vents  of  the  Ml  29  primer  in  figure  20  and  the  axial  view  of  the  Ml  25  primer 
in  figure  21  clearly  showed  that  the  benite  was  not  totally  consumed  within  the  confines  of  the 
primer  body.  Dark  chunks  that  looked  like  pieces  of  benite  were  seen  in  the  jet  flows  during  the 
approximate  interval  of  1-5  ms.  If  they  continued  to  escape  the  primer  body  after  this  interval, 
the  background  illumination  from  the  expanding  jets  was  not  sufficient  to  allow  detection.  After 
firing,  small  pieces  of  benite  were  found  on  the  table  under  the  primer  as  well  as  across  the  room 
(see  figure  22).  It  is  unknown  from  which  primer  each  piece  of  benite  originated  since  the  pieces 
were  not  found  until  experimental  series  had  finished.  However,  the  long  piece  in  the 
photograph  was  ~2  cm  in  length.  It  was  assumed  that  the  only  manner  by  which  it  could  have 
escaped  the  primer  tube  was  through  the  vents  on  the  tip  of  the  Ml  29  primer  since  the  tip  vents 
were  aligned  axially  as  was  the  original  benite  rods. 
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Figure  20.  High-speed  frames  (from  top  to  bottom)  of  end  view  of  Ml 29  primer;  frame  time  was  263  |is. 


The  findings  on  the  high-speed  video  for  the  Ml 25  are  shown  in  figures  21  and  23.  Both  the 
unevenness  in  hole-to-hole  venting  and  the  relatively  large  solid  objects  in  the  venting  jets  show 
quite  readily.  For  particular  integrated  ammunitions,  these  attributes  must  be  taken  into  account 
in  order  to  design  the  optimal  performance  or  remove  safety  concerns. 
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Figure  21.  High-speed  frames  (from  top  to  bottom)  of  axial  view  of  Ml  25  primer;  frame  time  was  263  ps. 
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Figure  22.  Photograph  of  pieces  of  benite  found  on  floor  after  experiments  (origin  from 
Ml 29  or  Ml 25  unknown,  long  piece  probably  from  Ml 29  due  to  length). 


4.  Summary 


Ml 25  and  Ml 29  primers  have  been  used  in  many  models  of  ammunition.  This  report  attempted 
to  characterize  the  current  ignition  stimulus  output  from  each  primer.  Temperature 
measurements  by  thermocouple  needed  to  take  into  account  the  expansion  and  shock  structures 
of  the  gases  expanding  from  each  vent  hole.  Also  evident  were  relatively  large  pieces  of  benite 
that  left  unbumt  through  the  vent  holes.  Pressure  measurements  at  each  end  of  the  primer  were 
easier  to  do  that  the  thermocouple  measurements.  The  pressure  curves  showed  a  maximum 
pressure  of  ~25  MPa  for  both  primers  with  somewhat  different  venting  patterns.  High-speed 
video  showed  much  variability  in  hole-to-hole  venting.  The  buming/non-buming  characteristics 
of  benite  probably  influenced  this  variability  to  a  large  extent.  For  some  proposed  high-density 
propellant  loading  schemes  this  variability  could  pose  future  problems.  During  part  of  the 
venting  cycle,  a  myriad  of  fine,  hot  (and  possibly  burning)  particles  was  noted  in  the  jet  areas 
around  the  vent  holes.  These  particles  may  have  been  present  during  the  entire  ignition  cycle  but 
their  luminosity  was  masked  by  the  more  visible  venting  gases.  It  is  likely  that  these  particles 
would  aid  in  the  ignition  process.  The  data  obtained  in  this  study  should  be  helpful  in  providing 
necessary  characteristics  for  computer  simulation  and  experimental  verification  of  enhanced 
materials  and  designs  for  next-generation  primers. 
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Figure  23.  High-speed  frames  (from  top  to  bottom)  of  end  view  of  M125  primer;  frame  time  was  263  (is. 
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